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1. 

SYSTEM FOR IRRADATING CHARGED 
PARTICLES AND METHOD FOR 

IRRADATING CHARGED PARTICLES 

TECHNICAL FIELD 

The present invention relates to a charged particle irradia 
tion system and a charged particle irradiation method, and in 
particular, to a charged particle irradiation system and a 
charged particle irradiation method for treating a target Vol 
ume (e.g., tumor) by irradiating the target Volume with a 
charged particle beam. 

BACKGROUND ART 

There is a well-known method of treating cancer patients, 
etc. by irradiating a target Volume in the patient’s body with a 
charged particle beam (ion beam) Such as a proton beam. The 
system used for the irradiation comprises a charged particle 
beam generator, a beam transport line, and a treatment room. 

The charged particle beam accelerated by the charged par 
ticle beam generator reaches an irradiation noZZle (irradiation 
device) in the treatment room via the beam transport line. The 
distribution of the charged particle beam is broadened by the 
irradiation nozzle and an irradiation field suitable for the 
shape of the target volume is formed in the patient’s body. The 
irradiation nozzle may also be equipped with a scanning 
device which performs the Scanning of the charged particle 
beam in conformity to the shape of the target Volume. 

Incidentally, since precise irradiation becomes difficult 
when the target (e.g. target Volume) moves due to the patients 
respiration or the like, the gating irradiation (irradiating the 
target only when the target is at a preset position (in an 
extraction permission area)) is carried out. 

In a conventional technology described in Patent Literature 
1, the gating irradiation is performed by using a synchrotron 
as a charged particle beam generator that repeats the injec 
tion/acceleration/extraction/deceleration of the beam. The 
periodic cycle time of the injection/acceleration/extraction of 
the beam is controlled in order to effectively use the beam in 
the gating irradiation. 

PRIOR ART LITERATURE 

Patent Literature 

Patent Literature 1: JP-2921433-B 

SUMMARY OF THE INVENTION 

Problem to be Solved by the Invention 

In the gating irradiation, the irradiation is performed in 
sync with the cycle of the patient’s respiration or the like. 
Although the respiration cycle is generally regular to some 
extent, the respiration cycle can change irregularly since the 
respiration is based on the physiological activity of the 
patient. 

In the conventional technology, the charged particle beam 
generator starts the deceleration immediately when the target 
deviates from the extraction permission area. Thus, in cases 
where the target returns to the extraction permission area after 
deviating from the extraction permission area for a short time 
(irregular variation), the charged particle beam generator has 
already started the deceleration and the beam extraction can 
not be performed even though the target is within the extrac 
tion permission area. Since efficient irradiation is impossible 
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2 
as above, the total irradiation time tends to be long, and 
consequently, the treatment time is liable to be long in the 
conventional technology. 

It is therefore the primary object of the present invention to 
provide a charged particle irradiation system and a charged 
particle irradiation method capable of shortening the irradia 
tion time and the treatment time by performing efficient irra 
diation even when irregular variation occurs in the irradiation 
object during the gating irradiation. 

Means for Solving the Problem 

(1) To achieve the above object, the present invention pro 
vides a charged particle irradiation system comprising: a 
charged particle beam generator that repeats injection of 
charged particles, acceleration of the charged particles, an 
extractable state after finishing the acceleration, and decel 
eration of the charged particles; an irradiation nozzle that 
irradiates an irradiation object with a charged particle beam 
Supplied from the charged particle beam generator, and a 
control system that controls the charged particle beam gen 
erator and the irradiation noZZle, the control system having: 
an irradiation object state variation signal reception function 
of receiving signals from an irradiation object monitoring 
device that monitors state variation of the irradiation object; 
an extraction permission state setting function of setting an 
extraction permission state by outputting an extraction per 
mission signal in Sync with the state variation of the irradia 
tion object; and an extraction control function of command 
ing charged particle beam extraction when the charged 
particle beam generator is in the extractable state and in the 
extraction permission state, while commanding stoppage of 
the charged particle beam extraction when the charged par 
ticle beam generator is not in the extraction permission state 
even if the charged particle beam generator is in the extract 
able state. The control system further has an extractable state 
maintaining function that operates after the end of the extrac 
tion permission state and maintains the extractable state of the 
charged particle beam generator even after the end of the 
extraction permission state. The extraction control function 
commands the charged particle beam extraction again when 
the extraction permission state starts again during the opera 
tion of the extractable state maintaining function, while com 
manding the deceleration of the charged particle beam gen 
erator after the end of the operation of the extractable state 
maintaining function. 

In the conventional technology, when the extraction per 
mission state ends, the extraction control function commands 
the stoppage of the extraction and immediately commands 
the deceleration of the charged particle beam generator. Even 
in cases where the target returns to the extraction permission 
state in a short time (irregular variation), the charged particle 
beam generator has already started the deceleration and the 
beam extraction cannot be performed even though it is in the 
extraction permission state. Since efficient irradiation is 
impossible as above, the total irradiation time tends to be 
long, and consequently, the treatment time is liable to be long 
in the conventional technology. 

In contrast, owing to the operation of the above-described 
extractable state maintaining function, the extraction control 
function does not immediately command the deceleration of 
the charged particle beam generator even when commanding 
the stoppage of the extraction after the end of the extraction 
permission state. When the extraction permission state starts 
again during the operation of the extractable state maintain 
ing function, the extraction control function commands the 
charged particle beam extraction again. 
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With this configuration, it is possible to perform efficient 
irradiation and shorten the irradiation time and the treatment 
time. 

(2) Preferably, in the above charged particle irradiation 
system (1), the extractable state maintaining function oper 
ates for a preset standby time. 

With this configuration, the extractable state of the charged 
particle beam generator is maintained for the preset standby 
time. When the extraction permission state starts again before 
the elapse of the preset standby time, the extraction control 
function commands the charged particle beam extraction 
again. 

(3) Preferably, in the above charged particle irradiation 
system (2), the extractable state maintaining function starts 
operating based on a signal that commands termination of the 
extraction permission state. 

(4) Preferably, in the above charged particle irradiation 
system (2), the extractable state maintaining function starts 
operating based on a signal that commands the stoppage of 
the charged particle beam extraction. 

The above configurations (3) and (4) set the starting point 
of the preset standby time. 

(5) Preferably, in the above charged particle irradiation 
system (1), the extractable state maintaining function oper 
ates only while the state variation of the irradiation object is 
within a preset range. 

With this configuration, the extractable state of the charged 
particle beam generator is maintained only while the State 
variation of the irradiation object is within the preset range. 
When the extraction permission state starts again while the 
state variation of the irradiation object is within the preset 
range, the extraction control function commands the charged 
particle beam extraction again. 

(6) Preferably, in the above charged particle irradiation 
system (1), the extraction control function commands the 
stoppage of the charged particle beam extraction after recep 
tion of a signal commanding termination of the extraction 
permission state and after irradiation with a prescribed dose. 

With this configuration, in cases of spot irradiation, inter 
ruption of the irradiation during the spot irradiation can be 
eliminated and simpler control can be achieved. 

(7) To achieve the above object, the present invention pro 
vides a charged particle irradiation method for a charged 
particle irradiation system equipped with a charged particle 
beam generator, an irradiation nozzle and a control system 
that controls the charged particle beam generator, the irradia 
tion noZZle and an irradiation object monitoring device, com 
prising: an extraction standby step in which the charged par 
ticle beam generator repeats injection of charged particles, 
acceleration of the charged particles, an extractable state after 
finishing the acceleration, and deceleration of the charged 
particles; an irradiation object state variation monitoring step 
in which the irradiation object monitoring device monitors 
state variation of an irradiation object; an extraction permis 
sion state setting step of setting an extraction permission state 
in sync with the state variation of the irradiation object moni 
tored in the irradiation object state variation monitoring step; 
an extraction step of extracting a charged particle beam from 
the charged particle beam generator and having the irradia 
tion noZZle apply the charged particle beam to the irradiation 
object when the charged particle beam generator is in the 
extractable state in the extraction standby step and in the 
extraction permission state due to the extraction permission 
state setting step; and an extraction stoppage step of stopping 
the extraction when the charged particle beam generator is not 
in the extraction permission state due to the extraction per 
mission State setting step even if the charged particle beam 
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4 
generator is in the extractable state in the extraction standby 
step. The charged particle irradiation method further com 
prises an extractable state maintaining step of maintaining the 
extractable state of the charged particle beam generator even 
after the extraction permission state ends in the extraction 
permission state setting step. In the extraction step, the 
charged particle beam is extracted again when the extraction 
permission state starts again in the extraction permission state 
setting step during the maintenance of the extractable state by 
the extractable state maintaining step. In the extraction 
standby step, the charged particle beam generator decelerates 
the beam after the end of the maintenance of the extractable 
state by the extractable state maintaining step. 

Effect of the Invention 

According to the present invention, the irradiation time and 
the treatment time can be shortened by performing efficient 
irradiation even when irregular variation occurs in the irra 
diation object during the gating irradiation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram showing the overall 
configuration of a charged particle irradiation system (first 
embodiment). 

FIG. 2 is a schematic diagram showing the configuration of 
an irradiation nozzle. 

FIG. 3A is a graph for explaining the relationship between 
the depth of the target and the energy of the ion beam. 

FIG. 3B is a graph for explaining the relationship between 
the depth of the target and the energy of the ion beam. 

FIG. 4 is a graph for explaining the relationship between 
the ion beam and the lateral dimension of the irradiation target 
in a direction orthogonal to the beam axis (direction parallel 
to an XY plane). 

FIG. 5 shows data structure of irradiation parameters reg 
istered in a database. 

FIG. 6 is a control flow chart showing the details of pro 
cessing by an irradiation object monitoring controller and a 
central controller. 

FIG. 7 is a control flow chart showing the details of pro 
cessing by an irradiation controller. 

FIG. 8 is a conceptual diagram for explaining the operation 
of the charged particle irradiation system. 

FIG. 9 is a control flow chart showing the details of pro 
cessing by the central controller (conventional technology). 

FIG. 10 is a conceptual diagram for explaining the opera 
tion of the charged particle irradiation system (conventional 
technology). 

FIG. 11 is a control flow chart showing the details of 
processing by the central controller (second embodiment). 

FIG. 12 is a conceptual diagram for explaining the opera 
tion of the charged particle irradiation system (second 
embodiment). 

FIG. 13 is a control flow chart showing the details of 
processing by the irradiation controller (third embodiment). 

MODE FOR CARRYING OUT THE INVENTION 

Referring now to the drawings, a description will be given 
in detail of preferred embodiments of the present invention. 
<First Embodiment> 
Configuration 

FIG. 1 is a schematic block diagram showing the overall 
configuration of a charged particle irradiation system. The 
charged particle irradiation system comprises a charged par 
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ticle beam generator 1, a beam transport line 2, a radiation 
treatment room 17, a control system 7, an irradiation object 
monitoring controller 65, and an irradiation object monitor 
ing device 66. Further, an X-ray CT 40 and an irradiation 
planning device 41 are arranged as equipment related to the 
charged particle irradiation system. 
The charged particle beam generator 1 includes an ion 

Source (unshown), a linear accelerator 3 (charged particle 
beam preaccelerator) and a synchrotron 4. The synchrotron 4 
includes a radiofrequency wave application device 5 and an 
accelerator 6. The radiofrequency wave application device 5 
includes a radiofrequency power Supply 9 and radiofrequency 
electrodes 8 arranged in the closed orbit of the synchrotron 4. 
The radiofrequency power supply 9 is connected to the 
radiofrequency electrodes 8 via a switch (unshown). The 
accelerator 6 includes a radiofrequency acceleration cavity 
(unshown) arranged in the closed orbit of the ion beam and a 
radiofrequency power Supply (unshown) for applying radiof 
requency electric power to the radiofrequency acceleration 
cavity. An extraction deflector 11 connects the synchrotron 4 
to the beam transport line 2. 

The beam transport line 2 includes a beam path 12, qua 
drupole magnets (unshown), and bending magnets 14, 15 and 
16. The beam path 12 is connected to an irradiation nozzle 
(irradiation device) 21 which is arranged in the treatment 
room 17. 
A rotating gantry (unshown) is installed in the treatment 

room 17. The irradiation nozzle 21 and the bending magnets 
15 and 16 as parts of the beam transport line 2 are arranged in 
the rotating gantry. A treatment bed (referred to as a "couch 
24) and the irradiation object monitoring device 66 for mea 
suring the movement of the irradiation object 25 on the bed 
are arranged inside the rotating gantry. 
The rotating gantry is configured to be rotatable by a motor. 

The bending magnets 15 and 16 and the irradiation nozzle 21 
rotate along with the rotation of the gantry. Owing to the 
rotation, the irradiation object 25 can be irradiated from any 
direction in a plane orthogonal to the rotation axis of the 
gantry. 

FIG.2 is a schematic diagram showing the configuration of 
the irradiation nozzle 21. The irradiation nozzle 21 includes a 
scanning magnet 31, a scanning magnet 32, a beam position 
monitor 33, and a dose monitor 34. In the charged particle 
irradiation system of this embodiment, the irradiation nozzle 
21 is equipped with two scanning magnets 31 and 32 and the 
irradiation position is changed by deflecting the ion beam in 
two directions (X direction, Y direction) in a plane orthogonal 
to the beam propagation direction. The beam position moni 
tor 33 measures the position and the broadening of the ion 
beam. The dose monitor 34 measures the amount of the irra 
diating ion beam. An irradiation target 37 exists in the irra 
diation object 25. By the irradiation with the ion beam, a dose 
distribution covering the irradiation target 37 is formed inside 
the irradiation object 25. In the treatment of cancer or the like, 
the irradiation object 25 is a human (patient) and the irradia 
tion target 37 is a tumor (target Volume). 

FIGS. 3A and 3B are graphs for explaining the relationship 
between the depth of the target and the energy of the ion 
beam. FIG. 3A indicates a dose distribution formed in the 
irradiation object by a single-energy ion beam as a function of 
the depth, while FIG.3B indicates a dose distribution formed 
in the irradiation object by several ion beams of different 
energy levels as a function of the depth. The peak shown in 
FIG. 3A is called a “Bragg peak”. Since the position of the 
Bragg peak changes depending on the energy, irradiation of 
the irradiation target at the Bragg peak position is possible by 
adjusting the energy of the ion beam to Suit the depth of the 
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6 
irradiation target. The irradiation target has a certain thick 
ness in the depth direction, whereas the Bragg peak is a sharp 
peak. Therefore, a uniform high-dose region (SOBP (spread 
out Bragg peak)) having the same thickness in the depth 
direction as the irradiation target is formed by Superimposing 
several Bragg peaks as shown in FIG. 3B, by performing the 
irradiation by use of several ion beams of different energy 
levels in an appropriate intensity ratio. 

FIG. 4 is a graph for explaining the relationship between 
the ion beam and the lateral dimension of the irradiation target 
in a direction orthogonal to the beam axis (direction parallel 
to the XY plane). Each direction orthogonal to the beam axis 
will hereinafter be referred to as a “lateral direction'. After 
entering the irradiation nozzle 21, the ion beam is scanned 
(deflected) by the two scanning magnets 31 and 32 arranged 
orthogonal to each other and reaches an intended position in 
the lateral direction. The broadening of the ion beam in the 
lateral direction can be approximated by the shape of a Gaus 
sian distribution. If a plurality of identical Gaussian distribu 
tions are arranged at even intervals while setting the interval 
substantially at the standard deviation of the Gaussian distri 
bution, the distribution formed by the superimposed (over 
lapped) Gaussian distributions has a uniform region. Each of 
the Gaussian distribution-like dose distributions arranged as 
above is referred to as “spot'. A dose distribution that is 
uniform in the lateral direction can be formed by arranging a 
plurality of spots at even intervals by Scanning the ion beam. 
As explained above, a uniform irradiation field can be 

formed by the beam scan in the lateral direction by using the 
scanning magnets and the Bragg peak shift in the depth direc 
tion by changing the beam energy. Incidentally, a unit of the 
irradiation field, irradiated with the same energy and having a 
certain broadening in the lateral direction due to the ion beam 
scan by the Scanning magnets, is referred to as a "slice'. 

Returning to FIG. 1, the irradiation planning device 41 and 
an accompanying configuration will be explained below. 

Before the irradiation of the irradiation target 37 with the 
ion beam is carried out, the irradiation planning device 41 
determines parameters necessary for the irradiation. The 
parameters are determined as explained below. 
The irradiation object 25 is previously image-captured by 

the X-ray CT device 40. Further, a patient movement signal 
outputted from an unshown device (equivalent to the irradia 
tion object monitoring device 66) attached to the X-ray CT 
device 40 is acquired. The X-ray CT device 40 generates 
image data of the irradiation object 25 based on the acquired 
imaging data and sends the generated image data to the irra 
diation planning device 41. The irradiation planning device 
41 displays the received image data on the screen of a display 
device (unshown). When a region that should be irradiated is 
specified on the image by the operator, the irradiation plan 
ning device 41 generates data necessary for the irradiation, 
calculates a dose distribution that is expected in the irradia 
tion by use of the data, and displays the calculated dose 
distribution on the display device. The region that should be 
irradiated is specified so as to cover the irradiation target 37. 
The irradiation planning device 41 calculates and determines 
an irradiation object setting position (position where the irra 
diation object 25 should be set), a gantry angle, and irradia 
tion parameters with which the dose distribution can be 
formed in the specified region. Further, the irradiation plan 
ning device 41 determines the initial position of the couch 24 
and also determines the extraction permission area based on 
the acquired movement signal. 
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The irradiation parameters include the energy of the ion 
beam, positional information (X coordinate, Y coordinate) in 
a plane orthogonal to the beam axis, and a target irradiation 
amount of the ion beam for the irradiation of each position. 
Specifically, the irradiation planning device 41 divides the 
irradiation target (target volume) 37 into a plurality of slices 
arranged in the depth direction based on patient information 
inputted by the operator and determines the number N of 
necessary slices (slice count N). The irradiation planning 
device 41 also determines the ion beam energy Eisuitable for 
the irradiation of each slice (slice No.i) according to the depth 
of each slice. Further, according to the shape of each slice, the 
irradiation planning device 41 determines the number Ni of 
irradiation spots to be irradiated with the ion beam (spot count 
Ni), spot numbers j, the irradiation position (Xij, Yij) of each 
spot, and the target irradiation amount Dij for each spot. 
The irradiation planning device 41 sends the information 

(data) determined as above to a database 42. The database 42 
records the data outputted from the irradiation planning 
device 41. 

FIG. 5 shows the data structure of the irradiation param 
eters registered in the database 42. The irradiation parameters 
include the slice count N and data regarding each slice. The 
data regarding each slice includes the slice number i, the 
energy Ei, the spot count Ni, and data regarding each spot. 
The data regarding each spot includes the spot number, the 
irradiation position (Xij, Yi), and the target irradiation 
amount Dij. 

Returning to FIG. 1, a configuration related to the control 
system of the charged particle irradiation system will be 
explained below. 
The irradiation object monitoring device 66 is an instru 

ment capable of measuring the movement of the target 37 or 
an amount that changes in conjunction with the movement. 
For example, the irradiation object monitoring device 66 may 
be implemented by a laser distance meter for measuring the 
movement of the body Surface of the patient, an aeroplethys 
mograph for measuring the amount of the patient’s exhala 
tion, a device for measuring the pressure in a belt wound 
around the patient’s abdomen, etc. In order to use these meth 
ods, it is necessary to previously (before the treatment) deter 
mine the relationship between the output of the measuring 
instrument and the position of the target. The irradiation 
object monitoring device 66 may also be implemented by a 
device that determines the position of a marker inserted in the 
vicinity of the target 37 (or the position of the target 37 itself) 
by means of roentgenography. Incidentally, the irradiation 
object monitoring device 66 may be provided either as a 
component of the charged particle irradiation system or as an 
external instrument added to the charged particle irradiation 
system. 
The irradiation object monitoring device 66 is controlled 

by the irradiation object monitoring controller 65. The irra 
diation object monitoring controller 65 receives a movement 
signal from the irradiation object monitoring device 66 and 
outputs an extraction permission signal based on comparison 
between the movement signal and the extraction permission 
area. The extraction permission area, which has been set 
previously, is sent from the irradiation planning device 41. 
The extraction permission area may also be designated by the 
operator. The extraction permission signal includes an extrac 
tion permission start signal and an extraction permission end 
signal. The state (period) between the outputting of the 
extraction permission start signal and the outputting of the 
extraction permission end signal by the irradiation object 
monitoring controller 65 is set as an extraction permission 
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8 
state. The irradiation object monitoring controller 65 may 
also be provided as a component of the control system 7. 
The control system 7 includes the database (data storage 

device) 42, a central controller 46, an accelerator controller 
47, and an irradiation controller 48. The database 42 is con 
nected to the irradiation planning device 41. The data neces 
sary for the irradiation generated by the irradiation planning 
device 41 are stored in the database 42. 
The central controller 46 is connected to the accelerator 

controller 47, the irradiation controller 48 and the database 
42. The central controller 46 receives data from the database 
42, sends necessary information to the accelerator controller 
47 and the irradiation controller 48, and thereby controls the 
controllers 47 and 48. 
The accelerator controller 47 is connected to the charged 

particle beam generator 1, the beam transport line 2 and the 
rotating gantry to control them. For example, the accelerator 
controller 47 performs the control so that the charged particle 
beam generator 1 repeats the injection of the charged par 
ticles, the acceleration of the charged particles, an extractable 
state after finishing the acceleration, and the deceleration of 
the charged particles and so that the charged particle beam 
generator 1 extracts (emits) the charged particle beam when 
the charged particle beam generator 1 is in the extractable 
state. The irradiation controller 48 controls the amounts of 
excitation currents flowing through the Scanning magnets 31 
and 32 while also processing the monitoring signals inside the 
irradiation nozzle 21. 
The central controller 46 has various computation func 

tions. A gating irradiation function 46a is one of the compu 
tation functions of the central controller 46. The gating irra 
diation function 46a commands the charged particle beam 
extraction when the charged particle beam generator 1 is in 
the extractable state and in the extraction permission state. 
The gating irradiation function 46a commands stoppage of 
the charged particle beam extraction when the charged par 
ticle beam generator 1 is not in the extraction permission state 
even if the charged particle beam generator 1 is in the extract 
able state. 
The central controller 46 has an extractable state maintain 

ing function 46b as a characteristic function of this embodi 
ment. The extractable state maintaining function 46b waits on 
standby for a preset standby time when the extraction permis 
sion end signal is received from the irradiation object moni 
toring controller 65. Consequently, the extractable state of the 
charged particle beam generator 1 is maintained for the preset 
standby time. 
The gating irradiation function 46a commands the charged 

particle beam extraction again when the extraction permis 
sion start signal is received again from the irradiation object 
monitoring controller 65 during the preset standby time. If the 
extraction permission start signal is not received again, after 
the elapse of the preset standby time, the gating irradiation 
function 46a commands the accelerator controller 47 to 
decelerate the charged particle beam generator 1. 
The details of the processing by the gating irradiation func 

tion 46a and the extractable state maintaining function 46b 
will be explained below referring to control flow charts of 
FIGS. 6 and 7. 
Control 

In order to carry out the irradiation control, the irradiation 
object 25 is set on the couch 24, and the couch 24 with the 
irradiation object 25 is moved to a position specified by the 
irradiation planning device 41. 

FIG. 6 is a control flow chart showing the details of the 
processing by the irradiation object monitoring controller 65 
and the central controller 46, wherein details of the process 
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ing by the accelerator controller 47 and the irradiation con 
troller 48 are shown in simplified manners for convenience of 
the explanation. 

The details of the processing by the irradiation object 
monitoring controller 65 will be explained below. 
The irradiation object monitoring controller 65 compares 

the movement signal acquired from the irradiation object 
monitoring device 66 with the extraction permission area 
(step S121). The extraction permission area may either be 
specified by the operator before the irradiation or previously 
generated by the irradiation planning device 41. 
When the movement signal enters the extraction permis 

sion area in the step S121, the irradiation object monitoring 
controller 65 sends the extraction permission start signal to 
the central controller 46 (step S122). When the movement 
signal is out of the extraction permission area, the irradiation 
object monitoring controller 65 waits on standby until the 
judgment in the step S121 becomes affirmative. 

Thereafter, the irradiation object monitoring controller 65 
compares the movement signal acquired from the irradiation 
object monitoring device 66 with the extraction permission 
area (step S123). When the movement signal deviates from 
the extraction permission area in the step S123, the irradiation 
object monitoring controller 65 sends an extraction permis 
sion end signal to the central controller 46 (step S124). 

Thereafter, this control process is repeated until the 
completion of the irradiation. The state (period) between the 
outputting of the extraction permission start signal and the 
outputting of the extraction permission end signal by the 
irradiation object monitoring controller 65 is set as the extrac 
tion permission state. 

Next, the details of the processing by the central controller 
46 will be explained below. 
The central controller 46 receives the operator's instruction 

and sends an irradiation start signal to the accelerator control 
ler 47 and the irradiation controller 48 (step S101). Further, 
the central controller 46 sends an injection signal to the accel 
erator controller 47 for the injection of the beam (step S102) 
and sends an acceleration signal to the accelerator controller 
47 for the acceleration of the beam (step S103). 
A brief explanation of the processing by the accelerator 

controller 47 corresponding to the steps S101-S103 is 
inserted here. 
The accelerator controller 47 receives the irradiation 

parameters and gantry angle information from the database 
42 via the central controller 46. The accelerator controller 47 
moves the rotating gantry to a desired gantry angle according 
to the received gantry angle information. Further, based on 
the irradiation parameters, the accelerator controller 47 sets 
the values of the excitation currents for exciting the magnets 
of the synchrotron 4 and the beam transport line 2, the value 
of the radiofrequency wave to be applied by the radiofre 
quency wave application device 5, and the value of the radiof 
requency wave to be applied to the accelerator 6, each value 
corresponding to the ion beam energy Ei for each slice. 
Upon receiving the injection signal, the accelerator con 

troller 47 activates the ion source. Ions (e.g., protons (or 
carbon ions)) generated in the ion source are injected into the 
linear accelerator 3. The linear accelerator 3 accelerates the 
ions and emits the accelerated ions. The ion beam from the 
linear accelerator 3 is injected into the synchrotron 4. 
Upon receiving the acceleration signal, the accelerator 

controller 47 accelerates the ion beam (injected into the syn 
chrotron 4 from the linear accelerator 3) up to the ion beam 
energy E1 for the slice No. 1 by controlling the accelerator 6 
and the magnets of the synchrotron 4. In short, the accelerator 
controller 47 accelerates the ion beam up to intended energy 
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10 
by controlling the charged particle beam generator 1. The 
acceleration is performed by applying the radiofrequency 
wave from the radiofrequency power supply to the radiofre 
quency acceleration cavity (i.e., by giving energy to the ion 
beam circulating in the synchrotron 4 by using the radiofre 
quency electric power). Meanwhile, the accelerator control 
ler 47 controls the levels of excitation of the magnets of the 
beam transport line 2 so that the accelerated ion beam can be 
transported to the irradiation nozzle 21. This state is referred 
to as the extractable state. 
The explanation returns to that of the processing by the 

central controller 46. 
Upon recognizing the extractable state, the central control 

ler 46 judges whether or not the extraction permission start 
signal has been received from the irradiation object monitor 
ing controller 65 (step S104). If the extraction permission 
start signal has not been received in the step S104, the central 
controller 46 waits on standby until the extraction permission 
start signal is received. Upon receiving the extraction permis 
sion start signal, the central controller 46 sends an extraction 
start signal to the irradiation controller 48 (step S105). 

Thereafter, the central controller 46 waits on standby (com 
mands continuation of the extraction) until any one of judg 
ments in step S106 (whether or not the extraction permission 
end signal has been received), step S107 (whether or not a 
dose achievement signal has been received) and step S108 
(whether or not a maximum extractable time has elapsed) 
becomes affirmative. 
When the judgment in the step S107 or S108 is affirmative, 

the central controller 46 sends an extraction stop signal to the 
irradiation controller 48 (step S109) and sends a deceleration 
signal to the accelerator controller 47 for the deceleration of 
the beam (step S110). Incidentally, the dose achievement 
signal judged in the step S107 is a signal received from the 
irradiation controller 48. The maximum extractable time 
judged in the step S108 is the maximum time for which the 
accelerated beam can be maintained in the extractable state. 
The maximum extractable time includes the time for which 
the beam is extracted. 

Control that is characteristic of this embodiment will be 
explained below. 

During the continuation of the extraction, the central con 
troller 46 judges whether or not the extraction permission end 
signal has been received from the irradiation object monitor 
ing controller 65 (step S106). If the extraction permission end 
signal has been received in the step S106, the central control 
ler 46 sends the extraction stop signal to the irradiation con 
troller 48 (step S111). 

Thereafter, the central controller 46 waits on standby (com 
mands continuation of the stoppage of the extraction) until 
any one of judgments in step S112 (whether or not the extrac 
tion permission start signal has been received again), step 
S113 (whether or not the preset standby time has elapsed) and 
step S114 (whether or not a maximum extractable time has 
elapsed) becomes affirmative. 

If the extraction permission start signal from the irradiation 
object monitoring controller 65 has been received again in the 
step S112, the central controller 46 returns to the step S105 
and sends the extraction start signal again to the irradiation 
controller 48. 

If the preset standby time has elapsed in the step S113 since 
the reception of the extraction permission end signal, the 
central controller 46 advances to step S110 and sends the 
deceleration signal to the accelerator controller 47 to decel 
erate the beam. The preset standby time is the maximum 
standby time from the reception of the extraction permission 
end signal to the start of the deceleration. The preset standby 
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time may either be set by the operator before the irradiation or 
previously set by the irradiation planning device 41. The 
preset standby time may either be changed from irradiation to 
irradiation or fixed at the originally determined value. 

12 
The explanation returns to that of the processing by the 

irradiation controller 48. 
Thereafter, the irradiation controller 48 waits on standby 

(commands continuation of the extraction) until any one of 
If the maximum extractable time has elapsed in the step 5 judgments in step S206 (whether or not the extraction stop 

S114, the central controller 46 advances to the step S110. 
A brief explanation of the processing by the accelerator 

controller 47 corresponding to the step S110 is inserted here. 
Upon receiving the deceleration signal, the accelerator 

controller 47 lowers the levels of excitation of the magnets of 
the synchrotron 4 for the deceleration and preparation for the 
injection and thereby sets the synchrotron 4 in a state in which 
the beam from the linear accelerator 3 can be injected. 

The explanation returns to that of the processing by the 
central controller 46. 
The central controller 46 refers to the irradiation controller 

48 and judges whether or not there is a remaining spot (which 
has not been irradiated yet) among the spots described in the 
irradiation parameters (step S115). If there is a remaining 
spot, the central controller 46 returns to the step S102 (injec 
tion of the beam) and accelerates the beam up to the energy for 
the spot to be irradiated next (step S103). If there is no 
remaining spot, the central controller 46 sends an irradiation 
completion signal to the accelerator controller 47 and the 
irradiation controller 48 (step S116). 

FIG. 7 is a control flow chart showing the details of the 
processing by the irradiation controller 48, wherein details of 
the processing by the central controller 46 and the accelerator 
controller 47 are shown in simplified manners for conve 
nience of the explanation. 
Upon receiving the irradiation start signal from the central 

controller 46, the irradiation controller 48 starts controlling 
the irradiation nozzle 21 (step S201). The irradiation is started 
from slice No. i=1 and spot No.j=1 (step S202). 
The irradiation controller 48 excites the scanning magnets 

31 and 32 with the excitation current values corresponding to 
the slice No. 1 and the spot No. 1 calculated by the central 
controller 46, and the preparation for the irradiation is thereby 
completed (step S203). 

After completing the irradiation preparation, the irradia 
tion controller 48 judges whether or not the extraction start 
signal from the central controller 46 has been received (step 
S204). If the extraction start signal has not been received in 
the step S204, the irradiation controller 48 waits on standby 
until the extraction start signal is received. Upon receiving the 
extraction start signal, the irradiation controller 48 sends an 
extraction signal to the accelerator controller 47 (step S205). 
A brief explanation of the processing by the accelerator 

controller 47 corresponding to the step S205 is inserted here. 
Upon receiving the extraction signal, the accelerator con 

troller 47 starts the extraction of the ion beam from the syn 
chrotron 4 by controlling the radiofrequency wave applica 
tion device 5. Specifically, the accelerator controller 47 
connects the aforementioned switch and thereby makes the 
radiofrequency wave application device 5 apply the radiofre 
quency wave to the ion beam. The ion beam which has been 
circulating in the synchrotron 4 within the stability limit shifts 
to the outside of the stability limit and is extracted from the 
synchrotron 4 through the extraction deflector 11. The 
extracted ion beam passes through the beam transport line 2 
and enters the irradiation nozzle 21. 

Inside the irradiation nozzle 21, the ion beam is scanned by 
the Scanning magnets 31 and 32 and then passes through the 
beam position monitor 33 and the dose monitor 34. Thereaf 
ter, the ion beam reaches the irradiation target 37 and stops 
after giving a prescribed radiation dose to the irradiation 
target 37. 
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signal has been received) and step S207 (whether or not the 
target irradiation amount has reached) becomes affirmative. 

In the step S207, the irradiation controller 48 counts the 
irradiation amount with a dose counter based on a signal 
received from the dose monitor 34. When the value of the 
dose counter reaches the target irradiation amount, the irra 
diation controller 48 judges that the irradiation of the spot 
(spot No. ) is completed and sends a stop signal to the 
accelerator controller 47 to stop the extraction (step S208). 

Then, the irradiation controller 48 judges whether or not 
there is a remaining spot in the same slice (step S209). If there 
is a remaining spot (<Ni) in the step S209, the irradiation 
controller 48 increments the value of by 1 (step S212) and 
returns to the step S203 to irradiate the next spot. If there is no 
remaining spot (Ni) after repeating the spot irradiation, the 
irradiation controller 48judges that the irradiation of the slice 
i (slice No. i) is completed and sends the dose achievement 
signal to the central controller 46 (step S210). 

Then, the irradiation controller 48 judges whether or not 
there is a remaining slice (step S211). If there is a remaining 
slice (i-N) in the step S211, the irradiation controller 48 
increments the value of i by 1 (step S214) and returns to the 
step S203 to irradiate the next slice. If there is no remaining 
slice (i-N) after repeating the slice irradiation, the irradiation 
controller 48 judges that the irradiation of all the slices is 
completed. At this point, the irradiation is completed (step 
S215). 

In gating irradiation like the one executed in this embodi 
ment, the stop signal is sent to the accelerator controller 47 to 
stop the extraction (step S213) when the judgment in the step 
S206 becomes affirmative, that is, when the extraction stop 
signal is received. Thereafter, the irradiation controller 48 
returns to the step S204 and waits on standby until the next 
extraction start signal is received. 
A brief explanation of the processing by the accelerator 

controller 47 corresponding to the steps S208 and S213 is 
inserted here. 
Upon receiving the stop signal, the accelerator controller 

47 stops the extraction by controlling the radiofrequency 
wave application device 5. Specifically, the extraction of the 
ion beam from the synchrotron 4 is stopped by stopping the 
application of the radiofrequency wave by disconnecting the 
switch between the radiofrequency power supply 9 and the 
radiofrequency electrodes 8. 
Correspondence with Claims 
The irradiation object monitoring controller 65 and the 

steps S122 and S124 executed by the irradiation object moni 
toring controller 65 constitute an extraction permission state 
setting function of setting the extraction permission state by 
outputting the extraction permission start signal and the 
extraction permission end signal in Sync with state variation 
of the irradiation object 25. 
The gating irradiation function 46a of the central controller 

46 and the steps S104, S105, S106 and S111 executed by the 
central controller 46 constitute an extraction control function 
of commanding the charged particle beam extraction when 
the charged particle beam generator 1 is in the extractable 
state and in the extraction permission state, while command 
ing the stoppage of the charged particle beam extraction when 
the charged particle beam generator 1 is not in the extraction 
permission state even if the charged particle beam generator 1 
is in the extractable state. 
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The extractable state maintaining function 46b of the cen 
tral controller 46 and the step S113 executed by the central 
controller 46 constitute an extractable state maintaining func 
tion that operates for the preset standby time after the recep 
tion of the extraction permission end signal and maintains the 
extractable state of the charged particle beam generator 1 
even after the end of the extraction permission state. 
The gating irradiation function 46a of the central controller 

46 and the steps S112, S105 and S110 executed by the central 
controller 46 constitute an extraction control function of com 
manding the charged particle beam extraction again when the 
extraction permission state starts again during the operation 
of the extractable state maintaining function 46b (i.e., during 
the standby time), while commanding the deceleration of the 
charged particle beam generator 1 after the end of the opera 
tion of the extractable state maintaining function 46b (i.e., 
after the elapse of the preset standby time). 
Operation 
The operation of the charged particle irradiation system 

according to this embodiment will be explained below in 
regard to three different cases 1-3. 

FIG. 8 is a conceptual diagram for explaining the operation 
of the charged particle irradiation system, wherein the hori 
Zontal axis represents the time and the vertical axis represents 
(from top to bottom) the movement signal, the extraction 
permission area, the extraction permission State, the accelera 
tor excitation level, the elapse of the standby time, and the 
beam extraction. 

The extraction permission state is set in periods during 
which the movement signal representing the position of the 
target 37 is within the extraction permission area. Each 
extraction permission state is set as a state (period) from the 
outputting of the extraction permission start signal to the 
outputting of the extraction permission end signal. 
The accelerator excitation level represents the level of exci 

tation of the bending magnets of the synchrotron 4. It is 
possible to inject the beam into the synchrotron 4 when the 
excitation level is low, accelerate the beam, and thereafter 
extract the beam from the synchrotron 4 in a state in which the 
excitation level has become high and constant. This state is 
referred to as the extractable state. In the extractable state, the 
extraction of the beam is started in response to the extraction 
permission start signal. After the extraction of the beam is 
stopped in response to the extraction permission end signal 
(in this embodiment, after the preset time has also elapsed), 
the beam in the synchrotron 4 is decelerated by lowering the 
accelerator excitation level, and the preparation for the injec 
tion of the next beam is started. 
(Case 1: Normal Extraction) 
When the charged particle beam generator 1 is in the 

extractable state, the extraction of the beam is started upon the 
reception of the extraction permission start signal 
(S101->S102->S103->S122->S104->S105). 

In the spot Scanning irradiation method, each spot is irra 
diated with the beam up to a target dose. After completing the 
irradiation of a spot (spot irradiation), the next spot irradiation 
is performed. The spot irradiation is repeated as long as the 
extraction permission State continues 
(S105->S204->S205->S206->S207->S208->S209->(it 
eration of S203-S209)). 
(Case 2: Gate OFF->Stoppage of Extraction->Deceleration) 
The extraction permission end signal is outputted regularly 

(periodically) due to a regular (periodical) movement signal. 
The beam extraction is stopped upon the reception of the 
extraction permission end signal 
(S124->S106->S111->S206->S213->(iteration of S204)). 
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14 
Meanwhile, the extractable state maintaining function 46b 

operates upon the reception of the extraction permission end 
signal. Thus, the charged particle beam generator 1 maintains 
the extractable state until the preset standby time elapses. 
When the preset standby time elapses without receiving the 
extraction permission start signal again during the standby 
time, the extractable state maintaining function 46b finishes 
its operation and the charged particle beam generator 1 decel 
erates the beam (S111->(iteration of 
S112->S113->S114->S112->S113->S110). 
(Case 3: Gate OFF->Stoppage of Extraction->Restart of 
Extraction) 

There are also cases where the extraction permission end 
signal is outputted irregularly during the irradiation. The 
beam extraction is stopped upon the reception of the extrac 
tion permission end signal 
(S124->S106->S111->S206->S213->(iteration of S204)). 

Meanwhile, the extractable state maintaining function 46b 
operates upon the reception of the extraction permission end 
signal and the charged particle beam generator 1 maintains 
the extractable state. When the extraction permission start 
signal is received again during the standby time, the beam 
extraction is restarted (S111->(iteration of 
S112->S113->S114)->S112->S105->S204->S205). 
Effect 
The effect of this embodiment will be explained below in 

contrast with the conventional technology. The charged par 
ticle irradiation system according to the conventional tech 
nology does not have the extractable state maintaining func 
tion 46b (characteristic configuration of this embodiment). 

FIG. 9 is a control flow chart showing the details of the 
processing by the central controller 46 according to the con 
ventional technology, wherein steps identical to those in FIG. 
6 are assigned the same reference characters as in FIG. 6. 

During the continuation of the extraction, the central con 
troller 46 judges whether or not the extraction permission end 
signal has been received from the irradiation object monitor 
ing controller 65 (step S106). If the extraction permission end 
signal has been received in the step S106, the central control 
ler 46 sends the extraction stop signal to the irradiation con 
troller 48 (step S109) while also sending the deceleration 
signal to the accelerator controller 47 to decelerate the beam 
(step S110) 

FIG. 10 is a conceptual diagram for explaining the opera 
tion of the charged particle irradiation system according to the 
conventional technology. A case corresponding to the CASE 
3 in FIG.8 will be explained below. 
When the charged particle beam generator 1 is in the 

extractable state, the extraction of the beam is started upon the 
reception of the extraction permission start signal 
(S101->S102->S103->S122->S104->S105). The spot irra 
diation is repeated as long as the extraction permission state 
continues 
(S105->S204->S205->S206->S207->S208->S209->(it 
eration of S203-S209)). 
By the above operation, the spot irradiation in the area a in 

FIG. 10 is carried out. 
There are also cases where the extraction permission end 

signal is outputted irregularly during the irradiation. The 
beam extraction is stopped upon the reception of the extrac 
tion permission end signal 
(S124->S106->S109->S206->S213->(iteration of S204)). 

Meanwhile, upon the reception of the extraction permis 
sion end signal, the charged particle beam generator 1 imme 
diately decelerates the beam (S124->S106->S109->S110). 
As a result, the spot irradiation in the area b in FIG. 10 

cannot be carried out. Since efficient irradiation is impossible 
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as above, the total irradiation time tends to be long, and 
consequently, the treatment time is liable to be long in the 
conventional technology. 

Returning to FIG. 8, the operation in the case 3 in this 
embodiment after the restart of the beam extraction will be 
explained below. 
When the extraction permission start signal is received 

again, the beam extraction is restarted and the spot irradiation 
is repeated (S112->S105->S204->S205->S209->(iteration 
of S203-S209)). 
The extraction permission end signal is outputted regularly 

(periodically) due to a regular (periodical) movement signal. 
The beam extraction is stopped upon the reception of the 
extraction permission end signal 
(S124->S106->S111->S206->S213->(iteration of S204)). 
As a result, the spot irradiation in the area b' in FIG. 8 is 

carried out. Owing to the efficient irradiation, the irradiation 
time and the treatment time can be shortened. 
Modifications 
The present invention is not to be restricted to the above 

embodiment; a variety of modifications are possible. 
1. Various modifications are possible in regard to the start 

ing point of the operation of the extractable state maintaining 
function 46b. While the extractable state maintaining func 
tion 46b in the above embodiment starts waiting on standby 
for the preset standby time upon the reception of the extrac 
tion permission end signal outputted from the irradiation 
object monitoring controller 65 in the step S124, the extract 
able state maintaining function 46b may also be configured to 
start waiting on standby for the preset standby time upon the 
transmission of the extraction stop signal to the irradiation 
controller 48 in the step S111, for example. 

2. Various modifications are possible in regard to the set 
ting of the extraction permission state. While the irradiation 
object monitoring controller 65 in the above embodiment sets 
the extraction permission state as the state (period) from the 
outputting of the extraction permission start signal to the 
outputting of the extraction permission end signal, the extrac 
tion permission signal may also be outputted continuously 
and the extraction permission state may be set as a state 
(period) from the start of the outputting of the extraction 
permission signal to the end of the outputting of the extraction 
permission signal. 

3. While the above embodiment has been explained assum 
ing the use of the spot scanning irradiation method as the 
irradiation method, the embodiment is applicable also to the 
double scattering irradiation method (broadening the distri 
bution of the beam by using a scatterer) and the wobbler 
irradiation method (scanning the beam (broadened with a 
scatterer) in a circular pattern). 
<Second Embodiment> 

FIG. 11 is a control flow chart showing the details of the 
processing by the central controller 46 according to a second 
embodiment of the present invention, wherein steps identical 
to those in FIG. 6 are assigned the same reference characters 
as in FIG. 6. 
The extractable state maintaining function 46b in the first 

embodiment operates just for the preset standby time after the 
reception of the extraction permission end signal (S113 in 
FIG. 6). The extractable state maintaining function 46b in the 
second embodiment may be configured to operate after the 
reception of the extraction permission end signal until a 
deceleration start command signal is received, that is, while 
the movement signal after deviating from the extraction per 
mission area does not exceed a deceleration start command 
value (S113A in FIG. 11). 
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16 
After sending the extraction permission end signal to the 

central controller 46 in the step S124, the irradiation object 
monitoring controller 65 judges whether or not the movement 
signal has exceeded the deceleration start command value 
which has been set outside the extraction permission area 
(step S125). When the movement signal exceeds the decel 
eration start command value, the irradiation object monitor 
ing controller 65 sends the deceleration start command signal 
to the central controller 46 (step S126). 

FIG. 12 is a conceptual diagram for explaining the opera 
tion of the charged particle irradiation system according to the 
second embodiment. 
The extraction permission state is set in periods during 

which the movement signal representing the position of the 
target 37 is within the extraction permission area. The 
charged particle beam generator 1 accelerates the beam and 
shifts to the extractable state. The beam extraction is started in 
response to the extraction permission start signal (case 1). 
The beam extraction is stopped in response to the extrac 

tion permission end signal. Meanwhile, the extractable state 
maintaining function 46b operates and the charged particle 
beam generator 1 maintains the extractable state (standby). 
When the movement signal representing the position of the 

target 37 exceeds the deceleration start command value, the 
deceleration start command signal is outputted. 
When the deceleration start command signal is received 

without receiving the extraction permission start signal again 
during the standby time, the extractable state maintaining 
function 46b finishes its operation and the charged particle 
beam generator 1 decelerates the beam (case 2). 
The beam extraction is stopped during the irradiation due 

to the reception of the irregular extraction permission end 
signal. Meanwhile, upon the reception of the extraction per 
mission end signal, the extractable state maintaining function 
46b operates and the charged particle beam generator 1 main 
tains the extractable state. When the extraction permission 
start signal is received again during the standby time, the 
beam extraction is restarted (case 3). 
The operation of the charged particle irradiation system in 

the second embodiment is substantially equivalent to that in 
the first embodiment and effects similar to those of the first 
embodiment are achieved. 
<Third Embodiment> 

FIG. 13 is a control flow chart showing the details of the 
processing by the irradiation controller 48 according to a third 
embodiment of the present invention, wherein steps identical 
to those in FIG. 7 are assigned the same reference characters 
as in FIG. 7. 

While the extraction is stopped during the spot irradiation 
in the first embodiment upon the reception of the extraction 
stop signal (S206->S213), it is also possible to shift to the 
standby state after completing the spot irradiation. Thus, the 
steps S206 and S213 are unnecessary in this embodiment. 

In cases where the irradiation time for each spot is short and 
the movement of the target during the time is negligible, the 
control can be simplified compared to the first embodiment 
by not stopping the irradiation in the middle of the spot 
irradiation. 

DESCRIPTION OF REFERENCE CHARACTERS 

1 charged particle beam generator 
2 beam transport line 
3 linear accelerator 
4 synchrotron 
5 radiofrequency wave application device 
6 accelerator 
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7 control system 
8 radiofrequency electrode 
9 radiofrequency power Supply 
11 extraction deflector 
12 beam path 
14, 15, 16 bending magnet 
17 treatment room 
21 irradiation nozzle 
24 couch 
25 irradiation object 
31, 32 scanning magnet 
33 beam position monitor 
34 dose monitor 
37 irradiation target 
40 X-ray CT device 
41 irradiation planning device 
42 database 
46 central controller 
46a gating irradiation function 
46b extractable state maintaining function 
47 accelerator controller 
48 irradiation controller 
65 irradiation object monitoring controller 
66 irradiation object monitoring device 
The invention claimed is: 
1. A charged particle irradiation system comprising: 
a charged particle beam generator that repeats injection of 

charged particles, acceleration of the charged particles, 
an extractable state after finishing the acceleration, and 
deceleration of the charged particles; 

an irradiation nozzle that irradiates an irradiation object 
with a charged particle beam supplied from the charged 
particle beam generator, and 

a control system that controls the charged particle beam 
generator and the irradiation noZZle, the control system 
having: 

an irradiation object state variation signal reception func 
tion of receiving signals from an irradiation object moni 
toring device that monitors state variation of the irradia 
tion object; 

an extraction permission state setting function of setting an 
extraction permission state by outputting an extraction 
permission signal in Sync with the state variation of the 
irradiation object; and 

an extraction control function of commanding charged par 
ticle beam extraction when the charged particle beam 
generator is in the extractable state and in the extraction 
permission state, while commanding stoppage of the 
charged particle beam extraction when the charged par 
ticle beam generator is not in the extraction permission 
state even if the charged particle beam generator is in the 
extractable state, wherein: 

the control system further has an extractable state main 
taining function that operates after the end of the extrac 
tion permission state and maintains the extractable state 
of the charged particle beam generator even after the end 
of the extraction permission state, and 

the extraction control function commands the charged par 
ticle beam extraction again when the extraction permis 
sion state starts again during the operation of the extract 
able state maintaining function, while commanding the 
deceleration of the charged particle beam generator after 
the end of the operation of the extractable state main 
taining function. 

2. The charged particle irradiation system according to 
claim 1, wherein the extractable state maintaining function 
operates for a preset standby time. 
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3. The charged particle irradiation system according to 

claim 2, wherein the extractable state maintaining function 
starts operating based on a signal that commands termination 
of the extraction permission state. 

4. The charged particle irradiation system according to 
claim 2, wherein the extractable state maintaining function 
starts operating based on a signal that commands the stoppage 
of the charged particle beam extraction. 

5. The charged particle irradiation system according to 
claim 1, wherein the extractable state maintaining function 
operates only while the state variation of the irradiation object 
is within a preset range. 

6. The charged particle irradiation system according to 
claim 1, wherein the extraction control function commands 
the stoppage of the charged particle beam extraction after 
reception of a signal commanding termination of the extrac 
tion permission state and after irradiation with a prescribed 
dose. 

7. A charged particle irradiation method for a charged 
particle irradiation system equipped with a charged particle 
beam generator, an irradiation nozzle and a control system 
that controls the charged particle beam generator, the irradia 
tion noZZle and an irradiation object monitoring device, com 
prising: 

an extraction standby step in which the charged particle 
beam generator repeats injection of charged particles, 
acceleration of the charged particles, an extractable state 
after finishing the acceleration, and deceleration of the 
charged particles; 

an irradiation object state variation monitoring step in 
which the irradiation object monitoring device monitors 
state variation of an irradiation object; 

an extraction permission state setting step of setting an 
extraction permission state in Sync with the state varia 
tion of the irradiation object monitored in the irradiation 
object state variation monitoring step; 

an extraction step of extracting a charged particle beam 
from the charged particle beam generator and having the 
irradiation nozzle apply the charged particle beam to the 
irradiation object when the charged particle beam gen 
erator is in the extractable state in the extraction standby 
step and in the extraction permission state due to the 
extraction permission state setting step; and 

an extraction stoppage step of stopping the extraction when 
the charged particle beam generator is not in the extrac 
tion permission state due to the extraction permission 
state setting step even if the charged particle beam gen 
erator is in the extractable state in the extraction standby 
step, wherein: 

the charged particle irradiation method further comprises 
an extractable state maintaining step of maintaining the 
extractable state of the charged particle beam generator 
even after the extraction permission state ends in the 
extraction permission state setting step, and 

in the extraction step, the charged particle beam is 
extracted again when the extraction permission state 
starts again in the extraction permission state setting step 
during the maintenance of the extractable state by the 
extractable state maintaining step, and 

in the extraction standby step, the charged particle beam 
generator decelerates the charged particle beam after the 
end of the maintenance of the extractable state by the 
extractable state maintaining step. 
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